1. Colony-stimulating activity appeared in the perfusate of the isolated rat liver during perfusions with either whole rat blood, rat plasma or an artificial perfusate of Eagle's medium and albumin.
Introduction
Bone marrow precursor cells form colonies of granulocytes and mononuclear cells when grown in semi-solid media (Bradley & Metcalf, 1966; Pluznick & Sachs, 1965) , in the presence of glycoproteins (Metcalf, 1970; Sheridan & Metcalf, 1973) or peptides (Price, McCulloch & Till, 1973 ) with colony-stimulating activity. In the mouse, colonystimulating activity has been detected in urine (Chan, 1970) , serum mobinson, Metcalf & Bradley, 1969b) , and in extracts of a wide variety of tissues (Bradley, Stanley & Sumner, 1971a) , and also may be produced as a conditioned medium by cells in culture (Ichikawa, Pluznik & Sachs, 1966) . Substances with the activity are possible regulators of granulopoiesis. Serum colony-stimulating activity in mice rises within 2 h of the injection of bacterial endotoxin and colony-stimulating activities are low in germ-free mice (Metcalf, Foster & Pollard, 1967) , suggesting that intermittent bacteraemia or endotoxaemia, possibly derived from the host's gut flora, is important in the regulation of release of substances with colony-stimulating activity.
Since the liver would be expected to be the first receptor of portal endotoxin or bacteria and since macrophages are known to respond to endotoxin in vitro (Ruscetti & Chervenick, 1974) , reports of virtually undetectable colony-stimulating activity in liver extracts (Sheridan & Stanley, 1971) or media conditioned by &aggregated liver cells (Bradley & Sumner, 1968) were paradoxical.
However, Robinson, Atkins & Pike (1969a) reported release of the activity in perfusates of porcine liver and more recently Joyce & Chervenick (1976) showed that isolated Kupffer cells produce colony-stimulating activity. We report in this paper that colony-stimulating activity is released from the isolated perfused rat liver and that inhibitors of this activity are also released, which may account for some previous difficulties in detection of the activity.
Methods

Liver perfusion
The rat liver was perfused through the portal vein with a perfusate of (a) rat blood (experiments 1-5, 7), or (b) washed rat erythrocytes and rabbit plasma reconstituted to a packed cell volume of about 0.34 (experiment 6), or (c) rat plasma (experiment S), or A. Howell, W. G. E. Cooksley and C. J. Danpure (d) Eagle's basal essential medium (Flow Laboratories Ltd, Jrvine, Scotland) containing bovine serum albumin (28 g/l) (Armour Pharmaceutical Co. Ltd, Eastbourne, Sussex, U.K.) without addition of antibiotics (experiments 9-13).
The perfusate was circulated through an oxygenator ventilated by an atmosphere of O,/CO, (95: 5 ) at 37°C in a thermostatically controlled cabinet. Approximately 25 ml of perfusate was used to wash out the blood from the donor liver and discarded. Samples of blood or artificial perfusate (1-7 ml) were withdrawn at 30 min or 1 h intervals for serial measurements of colony-stimulating activity, rat albumin in the heterologous perfusate, lactate dehydrogenase and arylsulphatase activity.
Albumin synthesis
Albumin synthesis rate by the isolated perfused liver was measured in a heterologous perfusate of rat erythrocytes and rabbit plasma, the radial immunodiffusion method (Mancini, Carbonara & Heremans, 1965 ) being used to determine the homologous protein release into the perfusate (Tavill, East, Black, Nadkarni & Hoffenberg, 1973) . The rate of albumin synthesis is so low in relation to the circulating pool of albumin that it is measurable only in an heterologous system of rabbit plasma.
Inhibition of protein synthesis
Cycloheximide (Sigma London Chemical Co. Ltd, Kingston-upon-Thames, Surrey, U.K.) freshly prepared in distilled water was added in two of the perfusions in a single injection of 0.5 ml to the perfusate in the reservoir to achieve a perfusate plasma concentration of 10 or 18 pmol/l. These doses have been previously shown to be optimum for the inhibition of the synthesis of tyrosine aminotransferase and for the inhibition of albumin synthesis in perfused rat liver (Cooksley, England, Louis, Down & Tavill, 1974) .
Assay system for colony-stimulating activity
Colony formation by mouse bone marrow cells was assayed as previously described (Howell, Chinn, Andrews & Watts, 1974) , by a modification of the technique of Bradley & Metcalf (1966) . Bone marrow from the femurs of C57/B1 mice was prepared as a single cell suspension in Liebowitz L15 medium (Flow Laboratories Ltd, Irvine, Scotland). Samples (50 PI) of perfusate plasma, or artificial perfusate, either fresh or stored at -2O"C, were placed in the bottom of plastic Petri dishes (Sterilin); 1 ml of a mixture of 2 x lo5 nucleated bone marrow cells, 0.5 ml of 3% (w/v) boiled agar (Bacto-agar, Difco) and 0.5 ml of double-strength modified Eagle's medium (Howell et al., 1974) was pipetted over the sample and mixed by agitation. In some experiments 50 pl of freshly prepared rat plasma was mixed with 50 pl of artificial perfusate taken at the end of perfusions or, as a control, with 50 pl of Eagle's medium and albumin. The medium was allowed to gel at room temperature and the plates were incubated at 37°C in fully-humidified, sealed, plastic boxes with an atmosphere of COz/air (1 : 9) for 7 days. Colonies ( 3 50 cells) were counted with an inverted microscope at x 40 magnification. Bone marrow was also incubated with a preparation of colony-stimulating activity from pregnant mouse uterus (Bradley et al., 1971a) of known potency. This standard was expressed as a percentage of the mean of standards from forty-three other experiments in order to assess the comparability of results from different assays. Results with an internal standard, which differed from the mean standard by more than 50%, were discarded. In general the differences between the assay standard and the mean standard were small (Table 1) .
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Enzyme assays
Lactate dehydrogenase (EC 1.1.2.3) was assayed by the method of Plummer & Wilkinson (1963) , with NADH (100 pmol/l) and pyruvate (700 pmolll) as substrates in Tris/HCl buffer (50 mmol/l, pH 7.4). The change in E340 was measured at 25°C. Arylsulphatase (EC 3.1.6.1) was assayed by the method of Dodgson, Spencer & Thomas (1955) , p-nitrocatechol sulphate (20 mmolll) being used as substrate in acetate buffer (500 mmol/l, pH 6-0). After incubation at 37"C, the extinction was read at 515 nm in the presence of NaOH (1 mol/l).
In the blood cell and plasma samples, haemoglobin was assayed by measuring E540 in aq. NH3 solution (24 mmol/l).
Subcellular fractionation
Livers previously perfused for 2 h with artificial medium, and unperfused livers, were homogenized at 0 4°C in sucrose (250 mmol/l) with three up-anddown strokes in a Potter-Elvehjem apparatus. The homogenate was subjected to differential centrifugation at 04°C by the method of de Duve, Pressman, Gianetto, Wattiaux t Appelmans (1955) into nuclear, mitochondrial, lysosomal, microsomal and cytosol fractions. An aliquot of the homogenate and of each fraction was dialysed and samples (50 pl) before and after dialysis were assayed for colonystimulating activity as outlined above.
Results
When an artificial perfusate composed of Eagle's medium and bovine serum albumin was employed there was marked reduction in the amount of CSA released. However, after the addition of 50 pl of rat plasma to the agar culture system (Fig. 3) the CSA in the samples of artificial perfusate increased to an activity comparable with that observed in whole blood perfusates.
The fall-off in the rate of increase of the cumulative perfusate pool of CSA (with an actual decrease in two experiments) could have three components, namely: a decreased rate of release (possibly due to impairment of liver cell function or exhaustion of preformed stores), degradation of CSA owinn to a short life, and the release of inhibitors of CSA. The release of inhibitors during perfusion with both physiological and artificial perfusates was demon-
Studies with isolated perfwed liver
In studies with whole blood perfusate colonystimulating activity could be detected in the perfusate plasma during the second hour of perfusion ( Table 1 , Fig. 1 ). ConsiderabIe variation in the amount of CSA'l) released was observed and the rate of net release decreased as perfusion progressed (Fig. 1) . Perfusion with plasma instead of whole blood gave a similar result (Fig. 2) but perfusion with whole blood in the absence of a liver produced no CSA.
-.
strated by the rise in CSA after dialysis ( Fig. 3 and Fig. 4) . However, dialysis of samples obtained during the first hour of perfusion did not enable CSA to be detected. Furthermore, the increase in CSA after dialysis of samples with an artificial perfusate could be further increased by the addition of serum, indicating that serum did not mediate its effect by absorption of dialysable inhibitors.
Abbreviation: CSA, colony-stimulating activity. The addition of cycloheximide to the perfusion in a concentration which inhibited protein synthesis had no effect on the rate of release of CSA (Fig. 5) .
Assay for lactate dehydrogenase and arylsulphatase activity in perfusate samples during perfusion with an artificial medium showed a progressive rise in activity, indicating liver cell damage. When perfusion with whole blood was performed there was no increase in arylsulphatase activity, but a similar increase in lactate dehydrogenase activity was observed (after allowance had been made for contamination from haemolysed erythrocyte enzymes by measuring the amount of haemolysis; Fig.  2 ).
Studies with liver homogenates and subcellular fractions
CSA could not be detected in homogenates or in any of the subcellular fractions, with or without dialysis. The addition of rat plasma had no effect on any of the samples.
Discussion
This study demonstrates that CSA is released by the isolated perfused rat liver, confirming the report of Robinson et al. (1969a) , who found release by the perfused pig liver. The absence of CSA in the perfusate when perfusion was performed without a liver identified the liver as the site of origin. An inability to detect CSA in homogenates of liver or subcellular fractions, with or without dialysis, is similar to others' experience (Bradley & Sumner, 1968; Sheridan & Stanley, 1971) . Although this may be due to undetectable activities of preformed stores, Joyce & Chervenick (1976) have shown that nondialysable inhibitors of CSA are produced by liver parenchymal cells, Our studies also demonstrated that a Mysable inhibitor is released by the liver in the second half of a perfusion lasting 4 h. and serum factors exists. CSA is virtually absent from rat plasma, and very little activity is released into an artificial perfusate. However, when plasma is added to artificial perfusate a marked increase in CSA is observed. Bradley, Telfer & Fry (1971b) found that erythrocytes or erythrocyte membranes have an enhancing effect on CSA, but we found similar rates of CSA release regardless of whether we used plasma or whole blood perfusates. Failure to inhibit the release of CSA from the perfused liver by cycloheximide at a concentration sufficient to inhibit albumin synthesis suggests the presence of preformed stores of CSA or profactor. Inability to demonstrate CSA in the liver homogenates before or after incubation with plasma is presumably due to the presence of non-dialysable inhibitors.
CSA is believed to be a regulator of granulopoiesis (Metcalf & Stanley, 1971 ; Morley, Rickard, Howard & Stohlman, 1971) , responding to such stimuli as bacterial products or endotoxin (Metcalf et al., 1967) and possibly tissue damage (Metcalf & Moore, 1971 ).
Liver cell damage was monitored by the release of the cytosol enzyme lactate dehydrogenase and the lysosomal enzyme arylsulphatase. In these experiments, however, correlation between the rate of enzyme release and CSA release was poor in perfusions with a physiological perfusate. Indeed, arylsulphatase concentration remained constant during the perfusion.
Serial bacteriological counts demonstrated that the perfusate content of Gram-positive and GramOur results suggest that a complex system of liver negative organisms increased during the course of perfusions. The time-course of CSA release from the perfused liver parallels that of serum CSA increase in the mice injected with endotoxin (Metcalf et al., 1967) . It is possible that endotoxin was released from organisms in the perfusate, thus stimulating CSA release. Furthermore, differences in bacterial multiplication among perfusions may account for the variability encountered in rates of CSA release.
Since the liver could be expected to be the first receptor of portal bacteria and endotoxin, and macrophages are known to respond to endotoxin (Ruscetti & Chervenick, 1974) , it would be surprising if the liver as a store of fixed macrophages did not produce CSA. Our studies have shown that the liver releases CSA, whose activity is enhanced by the presence of plasma factors, and inhibited by other factors also released from the liver.
